In this current contribution, a parametric investigation of air flow rate at the inlets of solar air collector was carried out. Through a developed Matlab code effort was made to show the effect of the air flow rate on solar collector outlet temperature. From the simulation results a database of outlet temperature and corresponding flow rate variation with time was created. Then, isotherm contours were deduced and plotted. For drying temperature kept constant at a given value regardless the meteorological conditions fluctuation, the flow rate variation with time was fitted by smoothing spline function. The simulation study was done for three different meteorological scenarios: Clear sky day, partly cloudy day and cloudy day. It has been found also that drying with variable flow rate at optimum temperature equal to 50 ±1°C the amount of air that was aspired at the inlet was 1207.8 kg. By contrast, drying with constant flow rate a total 625.5kg of air was aspired and it might result in fluctuation in drying temperature which affects the dried product quality. Thus variable flow rate allows a gain ratio in the aspired air amount of 93% and better product quality. This is valid for clear sky day. In case of partly and cloudy day, flow rate gain ratio was 104% and 78% respectively.
INTRODUCTION
Solar energy constitutes an enormous potential for solar drying process, mostly, for agricultural products drying applications. Solar energy is the option of first choice in heating and drying processes because of the used air which is readily warm without a need of preheating facility. Most fruits and vegetables comprise nearly eighty percent of water and are highly vulnerable to temperature and thus are quickly perishables. In developing countries wastes rate of fruits and vegetables lay between 30-40% of total production [1] . Thus, the need to reduce post-harvest waste is a major concern in these countries. Nonetheless, post-harvest wastes can significantly be reduced to acceptable levels by using adequate and accurate drying systems in rural areas. Knowing that for small scale production, solar drying technologies when used for drying fruits and vegetables features: (i) are one such lowcost technology requiring no electricity, (ii) no skilled manpower and capital are needed, (iii) provide employment in rural areas [2] . Given that the solar air collector is the most important element of solar drying system, it follows that a proper design of solar air collector would enhance noticeably performances of the overall drying system.
Most of solar drying systems are equipped with flat solar air collector. The major drawback of such arrangement resides in low thermal exchanges capacity with air flowing through. Nonetheless, the rate of thermal exchange can be improved by increasing the area of thermal exchange and turbulence [3] .
Several techniques were proposed and implemented to improve heat transfer rate between absorber and mobile air. Corrugated absorber, [1, [5] [6] [7] Recyclable Aluminum cans (RAC) absorber [8] , absorber fitted with rows of fins [9] and various artificial roughness geometries [10] [11] [12] [13] . Yeh and Lin [4] studied the effect of placing parallels obstacles on solar air collector efficiency. Nayak and Singh [14] [15] investigated a jet plate solar air heater designed with continuous longitudinal fins underneath the absorber plate. Abene et al. [16] examined several types of longitudinal barriers in the passage of air flow. Singh [17] studied the effect of longitudinal fins on obtained power, particularly, the influence the gap between adjacent fins and he has proved that by reducing this gap the efficacy is remarkably increased. Goel and Singh [18] examined the solar air heater with longitudinal fins attached under the absorber. Giovanni [19] has studied experimentally inserted ducts, rendered rough with different vein configurations. These tremendous design modifications gave better thermal performances when compared to flat solar air collector. Generally, it has been demonstrated in literature that solar air collectors with corrugated absorber or fitted with fins have a noticeably higher efficacy when compared to solar air collector with horizontal parallel plates without a net drop in pressure [20] [21] [22] .
In conclusion, the insertion of offset strip fin in air flow passage between absorber and solar air collector has significantly increased thermal exchange surface and hence obtaining a turbulent flow favoring advection thermal exchange between air and absorber. However, if the temperature of the drying is too high, nutritive value of the dried product will be deteriorated, and the product develops an over crispy like color where the inside of product remains relatively humid. This may enhance a global degradation of product on large scale. For example, Lim et al. [23] as cited in [24] reported that most fruits contain various antioxidants elements beneficial to human health by reducing degenerative diseases probability such as cancer, arthritis, arteriosclerosis, heart diseases, inflammation, brain dysfunction and ageing process. This claim is again proved by the work of [25] [26] [27] [28] [29] [30] who stated that both vitamin C and total phenolics decreased with the increase of air-drying temperature.
The influence of flow rate on air temperature at outlet of the solar air collector is well reported in literature, [31] [32] [33] [34] however, the study of its instantaneous influence over the entire drying day on air temperature has never been dealt with in details [35] [36] .
In the current contribution a polynomial function relating air flow rate as a function of time was elaborated based on the result of simulation. This function allows the variation of air flow rate versus time such that the desired drying temperature is kept constant over the entire drying process regardless of the variation of meteorological conditions including solar irradiance level.
In this current contribution, we considered meteorological data taken from the site i.e. Ghardaï a (semi-arid climate). These data comprise the fluctuation in meteorological conditions including solar radiation variations and ambient temperature during different sky types. This study leads to the analysis of different sky types that are used for planning and analyzing solar energy systems [37] . These are: clear sky, partly cloudy sky, and cloudy sky. In the end, we elaborated a code enabling determination of instantaneous temperature at the outlet of the solar air collector while varying the flow rate at the inlet. Two typical summer days are chosen; the first typical day is characterized by a clear sky and the second one is characterized by a cloudy sky. Besides that, a typical partly cloudy winter day is also considered.
MATERIALS AND METHODS

Experimental measurements
Global and diffuse solar radiation on horizontal plan is measured using a radiometric station located in our research facility (URAER). It comprises a pyranometer of type EKO. Temperature is measured using hygrometric probe Techoel sonde thermo-igrometriche with calibration accuracy ranging between ± 1.5 % , its resolution to ambient temperature is about 0.1 (°/ ) and its dynamic range lies between 0 100% , −40 à + 60°. All transducer are connected to a data-acquisition unit of type CAMPBELL SCIENTIFIC CR10x with programmed scan step time in the range of 5 minutes.
Mathematical modeling
Mathematical modeling of solar radiation
Design, simulation and evaluation of solar system performances require prior assessment of solar resources falling on horizontal and tilted surfaces alike. In this contribution particular interest is made to solar radiation falling on inclined plane. The studied solar air collector is located in semi-arid area (Ghardaï a: 32.4 °N, 3.8°E), 468m. URAER radiometric station is able to collect the following data: (i) Global solar irradiance received on horizontal surface ℎ ; (ii) Diffuse solar irradiance ℎ fallen on horizontal surface. The beam solar irradiance is found from:
The global solar irradiance is calculated as function of irradiance recorded on horizontal plan. It suffices to replace the given value by those recorded by Pyranometer in equation reported in, [41] as follows :
where: is the ratio between beam irradiance falling on tilted surface to that falling on horizontal, is the ratio between diffuse irradiance on tilted surface to that of diffuse irradiance falling on horizontal surface, the represents solar irradiance falling on tilted surface that is reflected by the ground, is ground albedo coefficient. The term is calculated as follows:
where: is beam normal irradiance, whereas and are angles of incidence of solar irradiance respectively on tilted and horizontal surfaces. The incidence angle is given as follows [32] : cos = sin sin cos − sin cos sin cos + cos cos cos cos + cos sin sin cos cos + cos sin sin sin (4) where is solar declination angle, is latitude angle, tilt angle, surface azimuth angle solar hour angle. These parameters are calculated as below [41] 
where: is legal time correction; for Algeria = −1 thus: in case of Algeria, Eq. (7) becomes as follows:
The term cos expression may be obtained from Eq. (4), when tilt angle is set equal to zero. The incidence angle is calculated as an average value in time interval of each hour.
Optimum surface azimuth angle γ=0° and hence is written as follows: = cos( − ) cos cos +sin( − ) sin cos ∅ cos cos +sin sin (10) The ground reflected irradiance is considered as if it were isotropic such way that the term is calculated as [41] :
The equation used for calculating of diffuse irradiance transposition irradiance factor , with isotropic model is given by Liu and Jordan (1963) as [41] :
Mathematical modelling of solar air collectors
The process of solar thermal energy that we attempt to investigate is solar drier without energy storage system (Figures 1 and 2 ). Hence, solar air collector is considered with simple path between absorber and aluminum plat placed over solar air collector to obtain moderate, yet, sufficient and appropriate temperatures for solar drying process. The purpose behind inflexion of fins for mobile air passage is to enhance thermal performances of solar air collector. For the present study, the dimensionless parameters were chosen as: the fin pitch ( =0.016m), the fin length ( =0.1m), the fin thickness ( =0.004) and the fin height (ℎ =0.021m). The overall dimension of the solar air collector is chosen to be ( =1.6 m) in length and ( =0.8 m) in width. The selected method of solar air collector modeling is the one implemented by Hottel, Whillier and Bliss [41] . It is based upon the assumption that the permanent regime is established and that solar air collector elements are at average constant temperatures, thermal inertial effect are neglected.
Our approach is also based on these assumptions to model the solar air collector because temperature variation at solar collector input is small and the performances to be determined are permanents.
Heat equation for air flowing flow is written as:
In steady state by neglecting the conduction in air flowing flow it becomes:
If the air flowing flow is along ordinate, this equation becomes:
or: While introducing the solar air collector, the overall loss coefficient between the absorber and the ambient air , the useful power gain provided by the solar air collector is given by Eq. (17) [41] :
By introduction the specific mass flow ̇, the heat equation in air flowing flow can be rewritten as:
The first order differential equation, Eq. (18) is subjected to the following boundary condition:
If we assume that ′ and are independent of position , then the solution of Eq (18) is:
If the solar air collector has a length in the flow direction, then the outlet air temperature is foundby substituting for in Eq (20) , noting that is the solar air collector area :
The solar air collector efficiency factor ′ and solar air collector overall loss coefficient for the offset-strip fin shown in Figure 3 are obtained from the energy balances on the absorber plate, the fluid, and the back plate as in (Figure 3 ) [42] . 
Empirical correlation of the offset strip fins
This surface has one of the highest heat transfer performances relative to the friction factor. Extensive analytical, numerical and experimental investigations have been conducted over the last 50 years [43] . For the conventional air heater (without fin in the air flow pass), the heat transfer coefficients in the equations could be determined by empirical equations [44] [45] [46] [47] [48] . While, adding offset strip fins on the absorber plate would change both the heat transfer coefficient in the air flow pass, which differs from the conventional heater model, is discussed in detail as follows. 
where the dimensionless parameters α = ℎ ⁄ , = ⁄ = ⁄ describe the offset strip fins geometry. This correlation predicts the experimental data of 18 test cores within ±20% for 120 < < 10 4 and for ratios 0.134 < < 0.997 , 0.012 < < 0.048 and 0.041 < < 0.121 . Although all experimental data for these correlations are obtained for air, the factor takes into consideration minor variations in the Prandtl number, and the correlations above should be valid for 0.5 < < 15. The Colburn factor is related to Stanton number and Prandtl number as [43] :
The convective heat transfer is normally derived from the following equation, that:
The Reynolds Number is calculated by [43] :
The average velocity in the across section is expressed as:
The cross sectional area in the air flow pass is defined as [49] :
And, the hydraulic diameter is then given by [43] :
Also η s in equations (22) and (23), is defined as [50] :
where:
The radiation heat transfer coefficient between the inner wall of the absorber plate and the aluminum plate, where the temperatures and 2 , is calculated from [51] :
An empirical equation for that is useful for both hand and computer calculations for the loss coefficient through the top of the solar air collector were developed by Klein (1975) . He followed the same procedure as Hottel and Woertz (1942) and Klein (1975) The loss coefficient through the bottom of the solar air collector:
Estimating from simulation results
The determination of the function that describes the variation of air flow rate in function of time under site common solar irradiance scenarios is essential. This is achieved by simulating the system using an elaborated Matlab code. The outcome of this code are values of flow rate which give a constant drying temperature equal to 50 ± 1 °C during the entire drying process regardless of the meteorological conditions. The obtained data set are fitted using smoothing spline method. Simply put, smoothing spline method allows determination of fitting curve by using an adequate number of piecewise cubical polynomials that approximate smoothly the data points [52] [53] [54] . In fact the smoothing spline can be computerised by storing the polynomials coefficients in an array.
Smoothing Spline interpolation method
For the daily values of air flow rate necessary to achieve an optimum temperature ( ,̇), = 1, … , , the smooth function ( ) is the solution of the minimization problem.
where is the smoothing parameter and ( ) is the th dirivative of . If = 2, then is a cubic smoothing spline. The first term in Eq. (38) is the residual sum of squares, an indicator of the goodness-of-fit of the spline curve to the data. In other words, it measures the degree of fidelity of the smoothing spline function to the data. The second term measures the roughness of the resulting smoothing spline curve. The roughness of a function can be characterized by its curvature. The smoothing parameter plays an important role. It weighs two aspects: smoothness and fit. Large values of give a smoother curve, while small values of result in a closer fit.
Integrating smoothing spline curve
In smoothing spline curve, the function is only known at a finite set of points, say ( ,̇), = 1, … , . Assume the 's are sorted in increasing order, with = 1 < 2 < ⋯ < = For approximate the integral ∫̇( ) , the most obvious approach is to integrate the piecewise linear function that interpolates the data. This leads to the composite trapezoid rule
where ℎ = +1 − 1 .
Error analysis
Fitting quality of the smoothing spline interpolation used on the data obtained by mathematical model was evaluated by means of statistical tests: The coefficient of determination (R 2 ), sum of square error ( ), and root mean square error ( ). These parameters can be calculated as follows [55, 56] :
With:
where ̇, is the data of air flow rate obtained by calculation using models of solar air collector, ̇é , is predicted values of air flow rate necessary to achieve an optimum temperature obtained by calculating from the model. is the number of observations. The global solar irradiance on tilted surface as Shown in (Figures 4a), 4b) and 4c) ) is calculated as a function of incident irradiance on horizontal surface using Liu and Jordan model described above. In this work, different sky conditions are considered: (i) a clear sky day (Figure 4a) ), (ii) a partly cloudy day (Figure 4b) ) and (iii) a cloudy day (Figure 4c) ). The choice of fully midsummer cloudy day and early summer clear sky day is made to represent respectively the worst unusual and typical radiation budget scenarios and they correspond to crop harvesting season. Thus this choice provides a solution to keep post harvest waste to minimum.
RESULTS AND DISCUSSION
In case of the third choice (partly cloudy winter day), it is made to demonstrate the possibility of using solar drying at optimal temperature at low irradiance values. This may be exploited to dry greenhouses products and medicinal herbs. Figures 9a), 9b) and 9c) show that at a given time, the output temperature decreases in continuous manner with increase in flow rate and as the temperature of air decreases with increase flow rate, results in an increased efficiency. This may be explained by the fact that as the flow rate increases, the associated power is maintained constant as it was resulted from constant solar radiation source. In other way, as the amount of heated air increases the output temperature decreases. At solar noon, to maintain the prescribed drying temperature, the airflow is increased to about 188.1 kg/h for clear day, 115.3 kg/h for partly cloudy day and 355.1 kg/h for cloudy day.
Figures 5a), 5b) and 5c) show the relationship between output temperature and efficiency in function of air flow rate. The former figure is typical of clear sky day whereas the latter figure is typical of cloudy day. The obtained results by [3, 16] show the same aspect. These results show the strong influence of the effect of air flow rate on solar air collector output temperature. In order to select an appropriate flow rate, we should consider both the efficiency and the prescribed output temperature. As the solar air collector thermal transient inertia is important, it is difficult to determine its efficiency using an experimental approach. Therefore, simulation option offers an adequate means to overcome this difficulty.
The outlet solar air collector temperature is an essential parameter for solar drying application. Taking into account this fact during our work, efforts were made to show isotherm temperatures for large range of flow rate that may penetrate the solar collector under different irradiance scenarios. To be more specific, the first task of the simulation code is to keep the flow rate constant over the entire simulation time and then record the temperature at the outlets. This task is repeated for the entire range of the flow rate. This flow rate ranges between a minimum and maximum values determined by Reynolds number. These results are then used to plot the isotherm contours i.e. the flow rate variation in function of time to obtain a given temperature (Figures 6a), 6b ) and 6c)).
We can clearly observe that during cloudy day the passage of clouds has an immediate effect on global solar radiation incident on the solar air collector as shown in (Figures 4a), 4b ) and 4c)) where its effect on isothermal is also immediate.
In Figures 6a), 6b ) and 6c), isotherm contours are subject to a number of fluctuations as a result of clouds passage and fluctuations in ambient temperature. To keep the outlet temperature constant the flow rate is increased in case of high level irradiance values. Conversely, at low level irradiance values to keep the temperatures constant the flow rate should be decreased.
The selection of drying temperature is critical as it has serious implications on final dried products quality. Choosing low temperature engenders micro organism growth, which alters the dried product quality. On the other hand, opting for high temperatures will also have deteriorating effects on the final dried products [57] . According to the found results the most suitable drying temperature lies between minimum and maximum drying temperature which are respectively 35 and 65 °C [58] [59] [60] . Based on the above it can be inferred that selection drying temperature around 50 °C is the best choice and in this work it is maintained at 50 ± 1 °C regardless the fluctuation of meteorological conditions.
In addition to the selection of suitable drying temperature, the determination of the function that describes the variation of air flow rate in function of time is essential. From the above results a database of air flow rate in function of time and temperature is established. Thus, air flow rate in function of time is elaborated to keep the dryer temperature equal to the prescribed value through all the drying process. For instance, Figure 6a ) demonstrates clearly the above stated claim in case of cloudy day, Figure 6b These results allow optimization of solar air collector proper functioning during well illuminated clear days by regulation of air flow rate in order to maintain drying optimum temperature over the whole day even under unwanted fluctuation of meteorological conditions.
In the case of Ghardaï a characterized by a semi-arid climate it was found that to maintain the functioning temperature optimum during all well illuminated days, a variations in air flow rate is required. In fact, this variation is estimated through simulation work carried out using data of very clear sky day, partly cloudy and cloudy sky day described by passage of clouds. Figures 7, 8 and 9 show the variations in air flow rate as a function of climatic challenges curves. We used Matlab's spline toolbox to estimate all the smoothing splines. Based on the input data obtained by simulation, the algorithm computes the optimal smoothing parameter P such that the penalized residual sum of squares is less than a tolerance value > 0 . In all cases, we used the default value of k=2 and = 0.0001. A statistical analyses applied to the proposed functions to simulate the daily values of air flow rate necessary to achieve the desired temperature are shown in Table 1 . In general, all functions showed a good fit to the data.
The daily values of air flow rate necessary to achieve an optimum temperature are fitted by an adequate number of piecewise cubical polynomials that approximate smoothly the data points. In fact, the splines are piecewise-polynomial functions that blend smoothly and can be efficiently stored (as coefficient arrays) and manipulated on computers. The results could also be beneficial to system control designer. They can be used as basis for open loop control of solar collector in which the outlet temperature is maintained constant regardless to the fluctuation of meteorological conditions.
As can be seen from Figure 7a ) in which the flow rate is plotted against time, the flow rate increases with time until a maximum value which correspond to the highest value of irradiance and then decrease as the irradiance value decreases. This is typical scenario of clear sky conditions. In case of partly cloudy sky it can be seen from the Figure 8a Figure 9a ). This is common scenario of typical cloudy day in which the clouds passage frequency is high.
It can be inferred from Figure 7b ) in which the flow rate versus time variation is plotted for both 50 ± 1 and 65 ± 1 °C that the maximum flow rate is equal to 188.1kg/h in the first case i.e. 50 ± 1 °C whilst in case of 65 ± 1 °C the maximum is 90.92 kg/h. It can be inferred from Figure 8b ) in which the flow rate versus time variation is plotted for both 50 ± 1 and 65 ± 1 °C that the maximum flow rate is equal to 115.3kg/h in the first case i.e. 50 ± 1 °C whilst in case of 65 ± 1 °C the maximum is 68.58 kg/h. For solar drying application at temperature situated between 50 ± 1 and 65 ± 1 °C the flow rate should have value between 115.3 and 68.58 kg/h. In the Figure 8b ) it is also plotted the flow rate which allows high drying time without undermining the products quality. Drying with variable flow rate at temperature equal to 50 ± 1 °C we can carry on the drying process from 08h: 38 to 15h: 26 i.e. 6 hours and 49 minutes with an aspiration of 502.3 kg of air. By contrast, drying with constant flow the drying time is reduced to 3 hours and 35 minutes with aspiration of 246.2 kg of air. Thus variable flow rate allows a gain ratio in the air aspired amount of 104%.
It can be inferred from Figure 9b ) in which the flow rate versus time variation is plotted for both 50 ± 1 and 65 ± 1 °C that the maximum flow rate is equal to 355.1 kg/h in the first case i.e. 50 ± 1 °C whilst in case of 65 ± 1 °C the maximum is 123.7 kg/h. For solar drying application at temperature situated between 50 ± 1 and 65 ± 1 °C the flow rate should have value between 350 and 120 kg/h. In the Figure 9b ) it is also plotted the flow rate which allows high drying time without undermining the products quality. Drying with variable flow rate at temperature equal to 50 ± 1 °C we can carry on the drying process from 07h: 35 to 18h: 56 i.e. 11 hours and 22 minutes with an aspiration of 1748.2 kg of air. By contrast, drying with constant flow the drying time is reduced to 7 hours and 56 minutes with aspiration of 981.03 kg of air. Thus variable flow rate allows a gain ratio in the air aspired amount of 78%.
Indeed, the elaborated code allows optimizing the operation of solar air collector under varying meteorological weather conditions over the entire year. The flow rate variation doesn't need to be fast following a sudden fluctuation in meteorological conditions as the outlet temperature doesn't follow this fluctuation with comparable rate. As the collector outlet temperature corresponds to the cabinet temperature. It can be deduced that the latter one is regulated by controlling the former one. In This investigation the cabinet thermal behavior hasn't been dealt with.
CONCLUSIONS
The operations of solar drying process at high irradiance values engender an increase of the drying temperature, which undermine the dried product quality including nutritive value. To overcome this drawback, a function relating flow rate to drying optimal temperature and irradiance variation is devised. This is achieved by carrying out a simulation work by varying the flow rate in function of time and recording the corresponding temperatures under site common solar irradiance scenarios. Then, the plot of isotherm contours in function of time and flow rate is realized. From this plot the desired function of flow rate variation with time to have a constant outlet temperature is deduced. The simulation work was carried out under meteorological and solar resource that mimic those of the site where the drying process is to be done. To be more clear, the developed code used for calculation related to study of produced heat source by flat air solar air collector equipped with fins has enabled the investigation of instantaneous thermal behavior of the solar air collector and influence of the aero-thermal conditions on temperatures of the drying process at the solar air collector outlet in detail.
The fact that these parameters depend on undetermined variables in turn, the use of iterative methods was implemented. The incident irradiance on the solar air collector was subject to several fluctuations due to passage of occasional clouds and sudden change in ambient temperature and the peak output temperature depends on air flow rate. The global outcome of the simulation was satisfactory as the instantaneous air flow rate is put under control to maintain the drying temperature constant over the drying period. In doing so, the quality and nutritive value of the dried products are kept at an acceptable standard level.
It has been found also that drying with variable flow rate at optimum temperature equal to 50 ± 1 °C the amount of air that was aspired at the inlet was 1207.8 kg. By contrast, drying with constant flow rate a total 625.5 kg of air was aspired and it may result in fluctuation in drying temperature which affects the dried product quality. Thus variable flow rate allows a gain ratio in the aspired air amount of 93% and better product quality. This is valid for clear sky day. In case of partly and cloudy day, flow rate gain ratio were 104 % and 78 % respectively.
The results could also be beneficial to system control designer. They can be used as basis for open loop control of solar collector in which the outlet temperature is maintained constant regardless to the fluctuation of meteorological conditions.
All in all, the obtained results could be beneficial to solar drying systems practitioners in arid and semi-arid region to have a better quality product in challenging meteorological conditions.
